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The purpose of this investigation is to provide a 
qualitative interpretation of telluric micropulsations and 
their sources and to extend this interpretation to varying 
values of the planetary magnetic index CK^) and local mean 
time (LMT).
Telluric current data were obtained from photographic 
records of the north-south component at the Cecil Green 
Observatory near Bergen Park. Record lengths of 1 hour 
with digitization intervals of 12 seconds were prepared for 
the analysis of periods from 24 to 120 seconds (w:0.0083-
0.0417 cps); and record lengths of 5 hours and 4 minutes 
with digitization intervals of 1 minute were prepared for 
the analysis of periods from 120 to 6O8 seconds (w:0.00164-
0.04167 cps). Amplitude spectrums were then obtained for 
these records and the results displayed as 3-dimensional 




The interpretation was based on present theory regard* 
ing the dynamics of the upper atmosphere and knowledge in 
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Table 1. Symbols and Abbreviations
A : wave amplitude
*0-
g :
average amplitude of 
data points




e : electron charge
(=1.602 X lO^^^coulomb)
Ê : electric field vector
(mv/km)
f : frequency (cps)
H : magnetic field vector
(gammas, y)
h : magnetic field disturbance
vector
undisturbed magnetic field 
j : integer
IE : propagation vector or wave
number
K : indices (0^,0^,l"....
8^,9*,9q ) measuring
the largest variation 
over a three hour 
interval of micropul­
sations from a smooth 
curve of diurnal and 
semi-diurnal variations. 
Scales are adopted per­
manently for particular 
observatories (Bartels, 
1957)
K : K index corrected for
variations due to 
local time
K : average of standardized
^ indices for 12
selected observatories
ZK : 24 hour sum of Kp 
indices
1 : characteristic linear
dimension determining 
resonant oscillations
LMT: local mean time





m particle mass (Kg) Si- slope on OSCAR K-digitizer (inch/unit)m. : ion mass1 Sp: slope of linear drift inproton mass c. data (intervaKpoints)/P (=1.672 X 10-2?kg) amplitude)
M : number of points in an SIP: rapid irregular pulsa­
autocorrelation function tions (T:l-40 sec)
MN: electrode separation (km) t : time (seconds)
N : number of data points T : wave period (seconds)
n : number density (cm**̂ ) U : electric potential (mv)
^i- ion number density V : velocity vector of anelectromagnetic waveproton number densityp V : phase velocity (km/sec)
P : pressure
p V.: Alfven velocityP(w) : power ((mv/cm) ) a n 2 .
P^: magnetic bay
P : continuous micropulsa-
 ̂ tions
P : Rolf or Giant micro-
° pulsations
Pi(Prn) 2 irregular micro­
pulsations
PP: pearl type pulsations
(T:0.2-5 sec)
P : magnetic storm sudden 
commencement
R : radius of curvature of
magnetopause surface field
Rg: earth radius (=6376 km)





solar wind velocity 
atomic number
CL : angle between the solar
flux and the normal to 
the magnetopause
B : angle between wave
normal and axis of 
rotation







angle between the locus 
of points of a magnetic 
line of force and the 
magnetic pole
9 at the earth's surface
(= g - 0)
apparent earth resistivity 









a : scalar conductivity (= —)
Hall conductivity
Transverse conductivity
autocorrelation time lag (= n& t)
ion-neutral collision 
time
6 : geomagnetic latitude
( = | - V
7 : angle between B and k
<|iĵl( T) : autocorrelation function
i"
w
angle between v and k








A brief summary of experimental knowledge and theoretical 
assumptions regarding telluric micropulsations will be pre­
sented below to provide a basis for certain qualitative 
conclusions in the interpretation of the records.
Micropulsations 
The natural magnetic field of the earth is subject to 
small amplitude fluctuations known as "micropulsations," 
with amplitudes ranging from tenths of gammas to tens of 
gammas and periods between 7 seconds and 2 or 3 hours 
(Pritchard, I964, p. 7). Micropulsations are the result 
of electromagnetic wave disturbances propagating to the 
surface of the earth from the outer atmosphere. Waves of 
frequencies greater than 1 cps are attenuated considerably 
below the ionosphere before reaching the surface of the 
earth, accounting for a separation in frequency as well as 
in origin between micropulsations and sub-audio noise
1
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(Nawrocki and Papa, 1963; Fig. 1). Magnetic field varia­
tions below micropulsation frequency are usually related to 
solar cycles of 24 hours, 2? days, and 11 years and are 
described in Chapman and Bartels (1940).
Associated with the magnetic field vector of an electro­
magnetic disturbance is a perpendicular electric field 
vector, whose amplitude ranges from tenths of mv/km to 
tens of mv/km and is dependent on the amplitude of the 
magnetic vector, the apparent earth resistivity and the 
wave period. If one assumes a sinusoidal electromagnetic 
wave propagating perpendicular to a surface of laterally 
homogeneous resistivity, then:
"k = O'ZT (^) (Cagniard, 1953)
In March, 1957» Committee 10 of the International 
Association of Geomagnetism and Aeronomy (lAGA) attempted 
to provide a standard classification of micropulsations.
This classification covered a spectral range from 10 to 
150 seconds and introduced tv/o main types of pulsation: 
pulsation trains (P^) and continuous pulsations (P^) 
(Troitskaya, I964).
Findings during the International Geophysical Year 
(IGY) revealed the need of a wider spectral range to 
describe the pulsations, from tenths of seconds to 7-10
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minutes. Pearl type pulsations (PP), with periods from 
0,3 to 4 seconds and long-period continuous pulsations 
(Lpc) , were recognized at this time. Mme. V. A. Troitskaya 
recognized a division based on a minimum of occurrence of 
Pg with periods from 40 to 50 seconds. She therefore 
designated those pulsations with periods of 10-40 seconds 
as P^, and those with periods of 60-(100-150) seconds as 
P^-II. Rapid irregular pulsations genetically related to 
the phenomena of magnetic storms were termed SIP (Troitskaya, 
1964). .
From a 5-year series of records from variographs, 
Benioff defined four types of micropulsations: type A are
oscillations of 0.3-2.5 second periods occurring at night 
and showing negative correlation with sunspot numbers; type 
B are nearly sinusoidal pulsations of 3-8 second periods 
and are associated with local aurora; type C are nearly 
sinusoidal pulsations with 7-30 second periods and are 
associated with sunspot numbers; and type D are transient 
oscillations, occurring as singles, multiples or trains, 
with periods of 40-120 seconds or more, and strictly of 
nocturnal occurrence with a midnight peak (Benioff, I960).
The most recent and convenient classification was 
suggested by Committee 10 of lAGA. The two main classes 
mentioned above were retained, arid subdivisions were made
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on the basis of physical and morphological properties. The 
complete classification is:
Table 2. Micropulsation Types
T(sec) T(sec)
P^r (PP, type A) 0.2-5 Pĵ l (SIP) 1-40
(type B) 5-10 Pĵ Z (P,̂ , type D) 40-150
P(.3 (Pq , type C) 10-45
Pc4 (Pc-II) 45-150 (Jacobs, Kato, Matsushita,
Pg5 (Lpc) and Troitskaya, 1964)
Pg1 and P^2 v/ill not be analyzed in this report, partly 
because of the limited frequency response of the available 
equipment, and because both types are apparently physically 
independent of lower frequency P^ (Benioff, 1960;
Troitskaya, I964).
Another subdivision has been recognized at 30 seconds 
on the basis of geographic correlations (Benioff, I96O;
Jacobs and Sinno, I96O). Benioff has associated the poor 
geographic correlations of type C pulsations of periods 
below 30 seconds with local ionospheric phenomena. For this 
reason, P^3 will be further divided into P^3a (T<30 seconds) 
and P^3b (T>30 seconds).
All types of P^ discussed here have the common properties
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of continuity and absence of fine structure (Troitskaya, 
1964). Amplitudes of P^3 are less than lY and usually about 
0.1 Y while P^5 amplitudes are often tens of gammas (Duffus 
and Shand, 1958; Jacobs and Sinno, I960).
P^3 present the usual picture for the state of the 
electromagnetic field in middle latitudes, detectable dur­
ing about 80% of the recording hours at high sensitivity 
stations (Troitskaya, I964). P^ sometimes have a duration 
of many hours, the total durations being greatest for P^3 
and Pg5 (Duffus and Shand, 1958; Jacobs and Sinno, I96O). 
Beating P^ have been observed, modulated by the period of 
Pq5 pulsations (Kato and Watanabe, 1957; see p. 41).
The poor geographic correlation of P^3a has been pre­
viously mentioned. However, lower frequency P^ may occur 
simultaneously at different latitudes. P^3b amplitudes 
appear to be simultaneously modulated over wide longitude 
and latitude intervals (Troitskaya, 1964). With increasing 
latitude, the occurrence and amplitude of P^ increase, and 
the property of continuity shifts to pulsations of longer 
periods (Jacobs and Sinno, I96O). P^3 have maximum occur­
rence in lov/ latitudes, P^4 at about 50° geomagnetic 
latitude, and P^5 in the auroral zone (Troitskaya, I964).
P^5 have maximum amplitudes of tens of gammas in the auroral 
zone, and in this region are often referred to as Rolf or
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Giant micropulsations (P ) (Duffus and Shand, 1958; Jacobs6
and Sinno, I960). They are synchronous over a wide latitude 
range and associated with shorter period (Jacobs and 
Sinno, I96O). P^^a have a maximum amplitude of a few gammas 
in moderate latitudes, and show a much smoother latitude 
dependence than lower frequency P^ (Jacobs and Sinno, I96O; 
Troitskaya, I964).
P^3 seasonal variation has a minimum in winter months 
and a maximum shifted from year to year from summer to 
equinoxes. In months of solstices, P^3 are much more inten­
sive in the sunlit hemisphere. P^4 seasonal variation 
appears weak or nonexistent from preliminary studies. P^4 
and Pç5 periods have been observed to be shorter in summer 
(40 and 4OG seconds, respectively) than in winter (75 
450 seconds). 27-day recurrence has been confirmed for 
Pç3a, but has not been observed for P^4 (Troitskaya, I964).
P^3 and P_4 both exhibit diurnal variations with maxima c c
near noon (Jacobs and Sinno, I960; Troitskaya, I964). 2^3
maxima are scattered between the hours 8-10, 10-12, and 
12-14 LMT, repeating the characteristic features of foF2, 
or the critical frequency for radio-wave penetration of the 
F2 layer (300 Km) of the ionosphere (Benioff, I96O; 
P.atcliffe, I96O; Troitskaya, I964; see p. 49). Diurnal 
variation of P^5 has two maxima, in the early morning and
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in the afternoon, the relative magnitudes being dependent
on geographic location (Troitskaya, I964).
A clear dependence of the relative occurrence of
periods on planetary magnetic activity (K^) has been ob-P
served, A range of values exists for which all P^ types
may be observed, but there are also some values for K forP
which certain P^ types are practically prohibited. P^4 are 
usually observed for smallest K_ (0-2.5) and P 3  for K_P o p
values of 1-3.5. During very high magnetic activity, only
Pç2 and P^3 are observed (Troitskaya, I964» see p. 52).
P^3a have also been closely correlated with sunspot numbers
(Benioff, I96O).
P^ are well damped, transient oscillations of amplitudes
around 0.5Y occurring singly or in trains of a 10 to 20
minute duration (Benioff, I96O; Jacobs and Sinno, I96O).
Pĵ  are closely associated with magnetic field disturbances.
P_1 are associated with P^l and P 2 in connection with c c c
magnetic storm sudden commencements (Pssc), and P.1 and P.2 
are associated with P^l in connection with magnetic bays 
(P^) (Jacobs, Kato, Matsushita, and Troitskaya, I964; see 
p. 3 1). Pĵ 2 associated with positive bays or quiet back­
ground have maximum amplitudes of about 7.5lf at 50° 
latitude. P.2 associated with negative bays have maximum 
amplitudes of 20y in the auroral zone (Jacobs and Sinno,
i960).
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The simultaneous occurrence of can be observed in a 
longitudinal interval greater than 100 degrees and in 
magnetically conjugate regions (Troitskaya, I964). 
amplitudes increase with magnetic latitude (Duffus and 
Shand, 1958).
The maximum of the annual variation of P^2 occurs dur­
ing the solstices and the minimum during the equinoxes.
P^2 are generally considered as strictly nocturnal pulsa­
tions, with a sharp peak between midnight and 0200 (Benioff, 
I96O; Troitskaya, 1964; see p. 59).
The occurrence of P^2 appears to relate to the solar 
cycle, although the greatest number of P^2 occur on days of 
moderate magnetic activity. Observed P^ frequencies 
increase with increasing magnetic activity (Troitskaya,
1964).
The Geomagnetic Field Boundary and the Solar Wind
The physical characteristics of micropulsations and 
their associated electromagnetic waves are determined by the 
source of the wave disturbances and the medium through which 
the waves propagate. The ultimate source of these electro­
magnetic v/aves is the interaction of solar particles with 
the boundary of the geomagnetic field.
The U. S. capability of launching satellites into highly
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eccentric orbits led to the discovery of the outer boundary 
of the earth's electromagnetic field at a distance of about 
10 Eg in the solar direction. This boundary has been 
termed the magnetopause, surrounding a region called the 
magnetosphere. Pioneer 1 discovered a turbulent disturbed 
field outside the magnetosphere roughly 50,000 to 100,000 Km 
from the earth. This was found to be a transition zone 
inside a collisionless shock wave detected by Mariner 2.
The cause of this shock region is the solar wind, a con­
tinuous supersonic flow of charged particles from the 
expanding solar corona. Mariner 2 and Explorer 18 confirmed 
the existence of the solar wind moving nearly radially from 
the sun at speeds of 300-500 Km/sec (Hess, Mead, and Nakada, 
1965; Fig. 3).
A shock wave will develop wherever the component of
the solar wind plasma pressure nm^V^ perpendicular to the
magnetic field exceeds the magnetic pressure B /8̂ Vi, or
where the normal component of solar wind velocity exceeds
2 2 1the compressional wave velocity (C^ + of the magneto­
sphere (Ferraro and Plumpton, 1961, p. 90-97; Axford, 1962; 
see p. 15). Within the transition layer, a balance takes 
place between this nonlinear pressure change and dissipation 
from heat conduction and viscosity. For high electrical 
conductivity, this transition zone has a width on the order
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of a few mean free paths (Ferraro and Plumpton, 1961, 
p. 94-95)• The nonlinear interactions of waves in the 
transition layer produce random thermal motions. As gas 
flows away from the stagnation point directly in front of 
the magnetopause, it accelerates, and energy is trans­
ferred from thermal motion to directed motion parallel to 
the magnetopause (Axford, 1962; see p. 48).
Magnetic storm sudden commencements are believed to 
result from a step-function increase in the solar wind 
pressure (Ward, 1963). Such an increase compresses the 
magnetic field considerably and changes the normal response 
characteristics of the outer magnetosphere (see p. 25). 
Instability fluting of the magnetopause may be associated 
with sudden commencements. The characteristic effects.of 
this instability are the generation of intense turbulence 
on the upstream surface of the magnetosphere, and the 
penetration of solar plasma directly into the geomagnetic 
field. Neglecting the interplanetary magnetic field, the 
condition for instability is:. H^/4ïïR<AnpmpVg^/AR^, where 
P is the radius of curvature of the surface field, AS is 
the net change in (the radial distance to the magneto­
pause) due to compression, and An^ is the difference between 
proton densities inside and outside the magnetopause (Axford,
1962). Both and An are known to increase with increasing s P
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magnetic activity, has been specifically linked to the 
planetary magnetic index by Snyder, Neugebauer, and Rao 
(1963). Their results show a linear relationship from a 
least squares fit to satellite data:
Vg (km/sec) = (.67.52 t 5.92) K + (330 t 17)
The turbulence of the magnetopause and the penetration 
of solar plasma into the geomagnetic field permit the 
propagation of various modes of hydromagnetic waves, dis­
cussed in the next section. Plasma ions provide the inertia 
of oscillation of hydromagnetic v/aves (Nawrocki and Papa, 
1963, p. 10.14-10.21). Specific particle motions are 
responsible for oscillations such as those related to PP, 
above the frequency range treated in this report.
For oblique incidence of the solar stream on the mag­
netopause, in the absence of the transition region and 
turbulence, the effective plasma pressure would depend by 
specular reflection on the normal component of V^. Thus, 
instability would appear to be related to cos a or cos 
(Cg-LMT) , where and are constants (see p. 48). How­
ever, solar wind flow is randomized in the transition 
region, and turbulence prevents the treatment of the 
magnetopause as a smooth surface (Beard, 1964; Hess, Mead 
and Nakada, 1965),
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Wave Propagation in the Magnetosphere
Transmission
If one assumes the magnetosphere to be an incompressible 
medium of uniform conductivity permeated by a uniform mag­
netic field aligned parallel to the z-axis, with a 
disturbance magnetic field intensity H = H^+h, then from the 
equation of motion and Maxwell’s equations:
(1) H  = - grad (|) + ^  (curl h) x P
= - p Srad (p + PH^-h) +
For an unbounded volume, p + PH^*h = constant, (1) and
(2) combine to give:
(3)
(4)  ̂= % + Ir
(Cambel, 1963, P. 240-244; Ferraro and Plumpton, 1961, p. 70-71) 
Above 2000 km, the magnetosphere is 99.9% ionized and 
conductivity cr can be considered infinite (Nav/rocki and Papa, 
1963, p. 10.14-10.21). If viscosities are negligible, (3)
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and (4) reduce to:
where is the Alfven velocity. These equations describe 
hydromagnetic or Alfven waves, the characteristic mode for 
propagation of low frequency electromagnetic waves in the 
outer atmosphere. Hydromagnetic waves propagate with no 
relative motion between the velocity field and the magnetic 
field (Ferraro and Plumpton, 1961, p. 1-15)• The magnetic 
lines of force are therefore "frozen" in the medium. 
Propagation of hydromagnetic waves along lines of force is 
analogous to the propagation of elastic waves along taut 
strings. For elastic waves:
p 1 %  = T 1 %  ,  V = (2)^
For hydromagnetic waves:
p̂  is the mass per magnetic line of force, 
o
B. is the tension per line of force, and 
B g 2
= (4%  / (Cambel, 1963, P. 229-230)'
Pure Alfven waves are characteristic of a nondispersive medium.
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In the preceding derivation, it was assumed that the 
medium was incompressible, allowing for the treatment of 
pure Alfven waves, transverse waves propagating parallel 
to the magnetic field. The magnetosphere is a magnetically
pcompressible medium, since the magnetic pressure (B )
is greater than the gas pressure p (Ferraro and Plumpton,
1961, p. 90-97). For small-amplitude, plane harmonic waves 
in a compressible medium of infinite conductivity, the dis­
persion relation is:
+ C ^ ) + cos^ = 0
(Alfven and Falthammar, 1965, p. 93-100; Ferraro and Plumpton, 
1961, p. 61-64). 'y, the angle between the velocity vector v 
and the propagation vector k, is given by:
tan Y = <=osY„̂
2There are two real non-negative roots of V : , a modified
hydromagnetic wave, and V^, a modified sound wave. The values 
of V for various conditions of 9, Y , and are given below:
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Table 3. Hydromagnetic Wave Propagation Modes
C^<V^(compressible) incompressible)
0 Ÿ = -Jtt f St (
(modified MHD wave) V 0
Y in 0 i i f
V2 (modified sound wave) 0 Cs
V . 0 T̂T 0 0
Modified magnetohydrodynamic waves are generally neither pure 
longitudinal waves (Y =0) nor pure transverse waves (Y=^^),For k 
parallel to the magnetic field, the roots of the dispersion 
equation yield a transverse Alfven wave and a longitudinal 
sound wave, independent of compressibility. For Y=0 and 
longitudinal waves propagating perpendicular to the 
magnetic field are called magnetosonic waves. In this case 
both the group velocity Vg and phase velocity V are perpen­
dicular to the magnetic field, and disturbances are trans­
mitted across the lines of force by combined hydrostatic and 
magnetic pressures (Alfven and Falthammar, 1963, p. 95-100; 
Cambel, 1963, P# 235-240; see p. 9). If V^>>Cg, magneto- 
sonic waves propagate at the Alfven velocity
A realistic treatment of hydromagnetic waves in the exo- 
■ sphere must include the effect of the Coriolus force. Under
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the influence of the Coriolus force, a plane polarized wave 
is split into two circularly polarized waves with different 
phase velocities. The group velocity is no longer strictly 
parallel or antiparallel to the magnetic field, and a 
disturbance is subject to distortion. The phase velocities 
of the wave components are given by:
V = { (l+K^Z)* i } cos Y . where ^
and 3 is the angle between the normal and the axis of rota­
tion. The propagation of small amplitude disturbances is 
determined by the group velocity. The direction of propa­
gation is not exactly parallel to the lines of force, the 
maximum deviation being given by K^. For large amplitude 
waves, non-linear terms introduce a coupling between various 
partial v/aves that build up a disturbance (Alfven and 
Falthammar, 1963, p. 89-90).
Attenuation
The preceeding treatment of hydromagnetic waves is 
applicable to the upper regions of the magnetosphere or a 
highly ionized, low density medium. However, below 2000 km, 
viscosity and finite electrical conductivity have the 
effect of dissipating energy and attenuating waves (Ferraro 
and Plumpton, I96I, p. 70-76). Other less important dis­
sipative effects in this region include radiation pressure.
17
thermoelectric effects, Hall effects, and physiochemical 
reactions (ionization and neutralization) (Cambel, 1963,
p. 222-228).
If the magnetic field disturbance h = H^ exp {i(wt-kz)), 
equation (3) becomes:
w ̂  = k^V.^ + iA ya
The dispersion equation is:
2
(5) = ^  = 1 ^  (Cambel, 1963, p. 240-244)
The imaginary term of the phase velocity increases with 
increasing wave frequency and decreasing conductivity. In 
the limit, as ^ ” , V V^; but below 2000 km, the iono­
sphere must be considered a dispersive medium.
It is useful to find an expression for this conductivity 
^ to see how it varies with changing properties of the 
ionosphere. From Spitzer’s free path theory, conductivity 
is given as:
2 2
a = ^  T = ^  (Cambel, 1963, p. 169-174)
where  ̂ is the collision time, or ratio of mean free path to 
mean velocity. Below 1000 km,5 <10p^, and ion-neutral 
collisions predominate to the extent that ion-electron 
collisions can be neglected (Fejer, I96O; Nawrocki, 1963, 
p. 10.14-10.21). In relation to equation (5), the effective
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conductivity is therefore:
. . f a
V i n
The solar conductivity is due to the transfer of charges 
in the presence of an electric field, and exists when the 
magnetic field is absent or parallel to the electric field.
In the presence of a magnetic field, a plasma is rendered 
anisotropic, and conductivity is treated as a tensor. In 
this case, two other components of conductivity are present. 
Hall conductivity c?H is associated with charge transfer 
caused by the presence of the electromagnetic field. It is 
parallel, but opposite, to the flow velocity V, and given by:
Transverse or cross conductivity is due to the charge 
transfer when the electric and magnetic fields are perpen­
dicular to each other and increases monotonically as the 
magnetic field increases. The tensor conductivity for an 
anisotropic plasma is:







(Alfven and Falthammar, 1965, p. 180-185; Cambel, 1965, 
p. 169-180), Since decreases with increasing height, 
the direct conductivity a parallel to the magnetic field 
will increase with increasing height. The imaginary term 
of equation (5) is therefore inversely proportional to 
height for a hydromagnetic wave of constant frequency, or 
directly proportional to wave frequency for a constant 
height. Thus, low frequency hydromagnetic waves will prop­
agate further through the ionosphere with less attenuation 
than high frequency waves, and all hydromagnetic waves will 
be increasingly attenuated with decreasing height (see 
p. 48).
The expression . (=^^^) is significant in determining1 in
the relation of cr to and Below the F-layer of the
ionosphere,decreases rapidly with height, and is 
essentially zero above 2000 km. The result is that
T,>>i for regions above 80 km. Below the ionosphere,1 in
Vin changes much more rapidly than Thus,
around 100 lun, andv may exceed ^ . at lower elevationsin *' 1
(Nicolet, 1955). In terms of and if ^i^in^^^*
cTh/ctM  ̂ ĵ_Tijj)~ , , and both and are
greatly reduced above the ionosphere (Ferraro and Plumpton, 
1961, p. 144-146). If and a,p are comparable to
the solar conductivity a , and the medium is electrically
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isotropic. From table 5 and equation 5, it is apparent that 
the transverse mode is definitely the preferred mode above 
the ionosphere, and to a lesser degree within the ionosphere.
Hines (1953) derived a dispersion equation dependent on 
the number of charged particles (6) and neutral particles 
(p^) in the ionosphere for w<<GL and
4  = V2 = V.2 (îtiV! _)
i r  * “P̂ '5/(Pjj+«)-i«v̂ y2
2
For w!<<v . ,6/2p^ 5x10“^sec“ ,̂ = B ^/4np(p +6), and hydro-XX It
magnetic waves real. For w2>>(v^^/2)(p^+6)/p^,
^ 2 2- B /qiryS, and waves are real for charged matter only.
k 2(0
For wi<<w<<w2, ^  is nearly pure imaginary, and hydro-
magnetic waves are heavily attenuated. This result agrees 
with the statement above concerning the greater attenuation 
of higher frequency waves (see p. 48).
The absorption of hydromagnetic waves by the ionosphere 
feeds current systems which are induced in the earth (Jacobs 
and Sinno, i960). During magnetic storms, the intense 
current build-up in the ionosphere screens the surface of 
the earth from a wide band of hydromagnetic wave frequencies, 
causing magnetic bays (P^) (Ward, 1963; see p. 46).
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Resonance
If the sharp spectral peaks observed for micropulsations 
are to be accounted for, it is useful to describe some sort 
of resonance mechanism. Ground resistivities do not influ­
ence narrow spectral bands. Source mechanisms involving 
specific particle motion occur at higher frequencies than the 
band recorded in this report. Resonances below 0.1 cps are 
probably determined by the influence of the physical dimen­
sions of the magnetosphere on v/ave propagation.
Between two reflecting surfaces of a magnetized con­
ducting fluid resonant oscillations can be set up from 
standing hydromagnetic waves with wavelengths comparable to 
the linear dimensions of the fluid. Thus:
J!L - 1_ - .
where B and p_ are characteristic values of magnetic field c c
strength and mass density (Alfven and Falthammar, 1965,
p. 91-95).
In an infinitely conducting medium with the undisturbed 
magnetic field B^ perpendicular to the boundary surface 
between two fluids of Alfven velocities and if a
hydromagnetic wave is incident from medium 1, the amplitude ■ 
A" of the reflected wave is:
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A . A . 4 ^ A  .VA1+VA2 =? V
assuming y to be constant across the boundary (Alfven and 
Falthammar, 1965, P* 85-87).
In the realistic case, p and V vary continuously along 
a magnetic field line. If the variation is slow enough .
( I grad P j /p<<1/X), no appreciable reflection occurs (Alfven 
and Falthammar, 1965, p. 85-87). However, partial reflec­
tion can occur at sharp gradients in the phase velocity and 
allow resonant oscillations in the cavities between gradient 
barriers. Dossier (1958) has shown sharp gradients of 
Alfven velocity at the top and bottom of the outer magneto­
sphere where waves are partially reflected. Another barrier 
is present at the height of maximum Alfven velocity, divid­
ing the main cavity into inner and outer cavities, (Nawrocki 
and Papa, 1965J Fig. 2), From the above criteria relating 
the density gradient to wavelength, this barrier is only 
effective when the wave period is greater than 10 seconds, 
and not complete until the wave period is greater than 100 
seconds (Jacobs and Sinno, I960).
For transverse Alfven waves, resonances can be established:
along lines of force between the ionospheric regions at two 
magnetically conjugate points (points of similar geomagnetic 
latitude and longitude in opposite hemispheres). Resonances
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can also appear between regions where the lines of force 
cross the layer of maximum The equation for the funda­
mental period is complex, as propagation cannot be assumed 
one-dimensional and should be represented in a spherical 
coordinate system, where 9 is the angle between a pole and 
the radius of a locus:
ds
e.
Assuming a line of force: 
rs = sin^9RE sin̂ g.
and magnetic field strength:
H,
H = ^  (1+3 cos^Q)^
S'
where = 0.3^; then:
( 4vyo)^.2sin@cos9d@ 8iFy
H /s^(l+3cos^©)^sin^9^  ̂^0
^*2sin^Q c o s9d9
T'
P sin"^9d0 (Obayashi and Jacobs, 1958)..
9.
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Simultaneous occurrences of micropulsations at mag­
netically conjugate points have confirmed the existence of 
Alfven mode resonances. At Kotzebue, Alaska, and Macquarie 
Island, Australia, simultaneous pulsations were observed 
with periods of 4 and 8 minutes. These appeared to be con­
fined to the auroral zone, with a latitude range of about 
6®, and a broader longitudinal range of 30® to 90®. 
Polarization curves at two such points are regular and 
elliptical, and for the Alfven mode are clockwise or counter­
clockwise for the northern and southern hemispheres re­
spectively (Sugiura, 1961). Odd harmonics produce polar­
isation curves which are mirror images with respect to the 
meridian plane, and even harmonics produce polarization 
curves which are mirror images with respect to the equatorial 
plane (Sugiura and Wilson, I964). Odd harmonics appear to 
predominate (Jacobs and Sinno, I96O). When higher harmonics 
interfere with each other, they set up beating oscillations 
which are modulated by the fundamental period, observed for 
P^ at around 3 minutes (Kato and V/atanabe, 1957; see p. 41). 
Pulsations have also been observed at magnetically conjugate 
points in lower latitudes, and an almost linear relationship 
found between the observed period and (cos (Obayashi
and Jacobs, 1958).
Non-synchronous shorter period P^3^ have been associated 
with hydromagnetic oscillations of the inner cavity of the
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ionosphere because of their local characteristics (Jacobs
and Sinno, I96O; Troitskaya, I964)* A number of authors
have calculated theoretical power spectrums for ionospheric
transmission and found spectral peaks in the P_5a range of■ c
0.03-0,1 cps for propagation below 2000 km (Prince and 
Bostick, 1964; Greifinger, C. and P., 1965; see p. 49).
Satellite data have shov/n that during high magnetic 
activity compression of the daytime field will decrease the 
slope in phase velocity, doubling the magnetic field at 
50,000 km (Prince and Bostick, I964). This effect will 
inhibit and often eliminate resonances in the outer magneto- 
spheric cavity but enhance resonances below the layer of 
maximum phase velocity (see p. 10, 4I, 50).
T 1156
THE DATA SOURCE
Telluric data for this project were recorded contin­
uously on two channels at the Cecil Green Observatory near 
Bergen Park at 39® 42’ north latitude and 105® 22’ west 
longitude, Bergen Park is located in mountainous terrain 
on Squaw Pass Road l-J miles west of its junction with U.S. 
Highway 40.
Instrumentation 
The recording electrodes are arranged in an "L" array, 
391 (t 2) meters due north and 340 (t 2) meters due east 
of the common ground. These are lead electrodes, buried a 
few feet below the ground to eliminate potential variations 
due to surface temperature changes (Pritchard, I964, P. 13- 
15)• The potential difference between a measuring electrode 
and the ground electrode is divided by the electrode separa­
tion to give that component of the electric field vector:
; - L  1214N ' Î4N km
26
m  ^  (Berdichevskiy, 1965, p. 1-2)
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Each channel is connected in parallel to a DC null volt­
meter for calibrations, a gain control unit with a pre- 
amplification range of 0.001-1000, a DC amplifier, a high 
pass filter, a voltage divider, and a damping resistor 
(Fig. 4). The signal is recorded by a photographic gal­
vanometer with a natural frequency of 0.01 cps on a seismic 
drum with a record speed of 0.25 mm/sec.
The frequency response of the system is the product of 
the high pass filter response, with a time constant of 59.7 
sec and a slope of 20 db/decade, and the damped response of 
the galvanometer, with a natural undamped frequency of 
0.01 cps and a slope of -40 db/decade. This response curve 
was confirmed by a calibration test with an oscillator 
operating between 0.01 and 0,1 cps at approximately I8 mv. 
The response curve and the results of the calibration test 
are shown in Fig. 5.
Influence of Local Geology
The electric field vector of a plane electromagnetic 
wave incident perpendicular to an isotropic earth should be 
circularly polarized from atmospheric anisotropy and the 
Coriolus effect. Lateral anisotropy develops elliptical 
polarization vith the long axis in the direction of maximum 
resistivity. Vertical anisotropy alters the slope of the
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telluric current spectral curve, usually in proportion to 
the resistivity contrast between basement or deep-seated 
resistant rocks and overlying rocks (Cagniard, 1955)•
At the Bergen Park station, shallow resistivity sound­
ings indicate that an apparent surface resistivity of 
1000 n -m exists to a depth of at least 1000 feet (Pritchard, 
1964, p. 16-17). Topographic features, faults, and intru­
sive contacts form a complex structure trending northwest- 
southeast at the station (Fig. 6).
The variation vector of the electric field has been 
plotted over 1 minute intervals from the records of 
December 4 $ 1966, between 1155 and 1205 (Fig. 7). The tip 
of this vector describes a clockwise ellipse polarized in 
the direction N 35 E, perpendicular to the local faulting 
trend. The average amplitude of the vector is 11.25 mv/km. 
The north channel was selected for spectral analysis on the 
basis of this preferred direction of polarization.
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THE DATA ANALYSIS
Records from the north channel of the Bergen Park 
station from November 26, 1966 to January 10, 196? were 
analyzed visually; and records from the north channel for 
December 4, 7, 14, 24 and 25, 1966 were Fourier ana­
lyzed. The purpose of the visual analysis v/as to distinguish 
pulsation types on the basis of continuity, duration, and 
general morphology and to correlate these characteristics 
with local mean time (LMT) and magnetic activity (K^). A 
graphical analysis was made to give a more quantitative 
description of the amplitude and frequency characteristics 
of the pulsations and their correlation with LMT and K^.
Visual Analysis 
Defined below are certain terms which provided a basis 
for a qualitative visual interpretation of the records.
A pulsation is considered ’periodic* if it approximates 
a sinusoid over more than one complete cycle. Generally a
29
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signal which is apparently symmetric and smooth with less 
than a 50% variation in amplitude and period over two 
cycles can be considered a sinusoid. A pulsation train is 
considered * continuous* if, regardless of periodicity, 
there is less than a 30/̂  variation in amplitude and fre­
quency over more than three complete cycles. A •transient* 
signal is one v/hich displays an amplitude decrease of more 
than 50% over two cycles, regardless of frequency variations.
A or sudden commencement is a sudden break in theSBC
slope of the signal. P^g^* is represented by an increase in 
the positive slope of a signal or a decrease in the negative 
slope. This phenomenon represents a step increase in the 
electric field vector toward the measuring electrode, or 
along the north component in this case, ^ qqq" is repre­
sented by an increase in the negative slope of a signal or 
a decrease in the positive slope. This represents a step 
increase in the south component of the electric field vector, 
A *lull* is a flattening of the apparent signal. It is an 
interval of more than one minute during which no cyclic 
variation greater than 1 mv amplitude can be observed.
The term P^ is used to describe only those pulsations 
which are both periodic and continuous by the definitions 
above. The term P,p is used to describe only those transient 
signals which are preceded by Fggc*^* This careful
T 1156 » 31
distinction is made to avoid confusing intermediate signals 
for either or P^, both of which they may resemble. The 
distinction will also help to validate the genetic inter­
pretation which follows.
A #lull# which accompanies one or more P^^s is con­
sidered a #bay# or P^. The actual large amplitude charac­
teristics of bays are not apparent in these records because 
of electrical filtering of the signal at the frequencies 
observed. However, this interpretation should prove valid 
in view of the evidence linking P^'s and bays together as 
characteristics of a magnetic storm (Ward, 1963; see p. 7 ). 
In this light, a 'storm* will be considered a train of Pg,*s 
with one or more accompanying bays, A storm usually lasts 
a half hour or more.
Long Term Variations of P^, P^5f P̂ p and %K
From a general visual analysis of records from the 
north channel taken between November I966 and February I967, 
the signal v/as found to consist mainly of three types of 
pulsation: P^ (P^3 and P^4), Pg5, and P^. Since all these
records could not be numerically analyzed, a rating was 
devised for the quality of each pulsation type over a 24 
hour period. In every case, the rating *0* means the pul­
sation is not observable.
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Table 4* Certain Limiting Criteria for the
Classification of P , P 5, and P^
For Maximum Total Continuity of
Rating Amplitude Continuity Individual Trains
1 < 20 mv/km <3 hours < 5 minutes2 < 30 mv/km < 3 hours <10 minutes
3 < 40 mv/km < 6 hours <30 minutes
4 < 50 mv/km <12 hours > 3 0 minutes
5 ^ 50 mv/km ^12 hours ^30 minutes
For Pg5 Maximum Total Continuity of
Rating Amplitude Continuity Individual Trains
1 < 40 mv/km <12 hours non periodic2 < 70 mv/km <12 hours quasi-periodic
3 < 100 mv/km <12 hours quasi-periodic
4 < 120 mv/km >12 hours periodic
5  ̂120 mv/km >12 hours strongly periodic
For Pg, Maximum Total Continuity of
Rating Amplitude Continuity Individual Trains
1 < 30 mv/km < 5 hours no bay2 < 40 mv/km <10 hours no bay
3 < 50 mv/km <15 hours bay < 5 minutes
4 < 60 mv/km < 20 hours bay <10 minutes
3  ̂60 mv/km $ 20 hours bay >10 minutes
Due to visual error and a possible discrepancy between the 
ratings for the individual characteristics of a pulsation, 
a 3 rating may be confused with a 2 or a 4> but it is 
unlikely that a 3 would be confused with a 1 or a 5. P.,
Pg5, and P^ ratings for 24 hour periods from November 26 
to December 16, 1966 and from December 19, 1966 to January 
10, 1967 are listed together with indices in table 5. 




A thorough visual analysis v/as made of those records 
which were selected for graphical analysis: IO46, December
24 to 1200, December 25, 1966; O5OO to O9OO and 1000 to 
1700, December 7, 1966; O4OO to I6OO, December 4 , 1966; and 
0400 to 0900 and 1100 to I6OO, December 14, 1966. The 
visual analysis associated specific pulsation types with 
spectral properties observed in the graphic analysis.
Samples of the selected records are shown in Figs. 8-11.
It also proved useful to plot the number of occurrences 
of Fggç" over 15 minute intervals from O4OO to I6OO on 
December I4 (see Fig. 12), and visually compare the variation 
in Fggc" occurrences with the variation in the spectral curve 
over that interval (see Fig. 54). This graph is shown in 
Fig. 12, together with the times for occurrences of bays, 
Pggc^» magnetic storms.
Graphical Analysis 
The graphical analysis centers around three-dimensional 
displays of power density vs. frequency vs. LÎ-ÎT. Records 
were digitized from the night hours between December 24 and 
December 25, 1966 at 1 minute intervals over record lengths 
of approximately 5 hours, for analyzing periods from 2 to 
10 minutes. Records from the daylight hours of December 4$
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7, and I4, 1966 were digitized at 12 second intervals over
record lengths of 1 hour, for analyzing periods from 24
seconds to 2 minutes for three different ranges of K *P
Power spectrums were computed for digitized 
data using the Colorado School of Mines GDC 8090 computer. 
The FORT]RAN program for power spectrums of 1 hour record 
lengths is presented in table 6. The data points are first 
multiplied by the proper scale factor, given by:
SCALE = S,.(2).(n) = 0.01067*( ^ ) - ( o ^ )  STïïSït
=0*561 ÎS?ïï5ît
where Ŝ  is the slope on the OSCAR-K digitizer (inch/unit),
L is the maximum height in inches of the 100 second oscil­
lation recorded during a calibration test and corresponding 
to 100% response on the frequency response curve (Fig. 5)»
Ü is the voltmeter reading for the calibration signal in 
mv, and MN is the length of the north electrode spread in km, 
A subprogram is called for removing linear drift from 
the data and setting the average to zero, thus removing a 
DC component from the data. Linear drift is defined as 
the ratio of one half the record length over the difference 
between the averages of the tv/o halves of the data. The 
equation for drift correction is:
X(I) = X(I) _ (I - I - S2*Aq )/S2 ,
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where X(I) is the value of the data point at the Ith inter­
val, N is the total number of data points, and is the 
average amplitude for all points*
The data is autocorrelated for a time shift (?) up to 
^th the record length and normalized for the finite length 
of the record. The autocorrelation function is:
T
 ̂ f(t) f(t+T)dt, or in digital
-T
form:




The finite length of the apparent autocorrelation func­
tion is equivalent to the multiplication in the time domain 
of the true autocorrelation function by a square window of 
height 1 and a width from -M^t to +MAt. Convolution of this 
windov/ function in the frequency domain with the true power 
spectrum will lead to smearing of the true bandwidths and 
damped oscillations yielding apparent negative power density. 
This problem can be partially eliminated by the further 
multiplication of the resultant autocorrelation function by 
a window function which is tapered at the ends. The window 
found most appropriate for the data under consideration is 
the Hanning window:
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D( t) = 4  (1 + c o s t t S  At) for t<Î MAt,2
= 0 otherwise.
The Fourier cosine transform is calculated for 41 points, 
v/ith the frequency interval Aw = ü^/40. The equation for the 
Fourier cosine transform is:
p.,-(a)) = — 4qi ( x) cos wTdT, or in digital form: ir
0
T MP(w) = - Z cos Ü) nAt} At
 ̂ 0
(Lee, 1966, p. 56-59, 69-72).
Once the Fourier transform has been applied, it is use­
ful to partially correct for the frequency response of the 
recording system. This correction is accomplished by the 
multiplication of the resultant power density spectrum by 
the appropriate filter. For the Nyquist frequency 
f̂j = 0.04167 cps, the system response and the filter can 
each be approximated by three slopes on the log scale. The 
corrections are:
for 0<f<0.010, P(I)/Pq (I) = (100. x f)"^;
for 0.010<f<0.0252, P(I)/P^(I) = (42. x (f)°*^^)^
for f>0.0252, P(I)/Pq(I) = (I6IO. x (f)^*®^)^
For f^ = 0.00855 cps, the square root of the above correc­
tion is taken in order to reveal higher frequency peaks 
that would otherwise be obscured, f is frequency, and
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P(I) and Pq (I) are corrected and uncorrected power density, 
respectively.
From the power density spectrums of the selected record
intervals (Figs. 13-50), three-dimensional power diagrams
were made of the variation of frequency response with LMT,
Representing frequency as the ordinate and local time as
the abscissa, power density was plotted along the vertical
scale and constant power density contours superimposed in
the horizontal plane (Figs, 51-54). From the isolation of
variables such as K , geographic location, and field direc- V P
tion, the relationship of power density to local time 
becomes visually apparent. From the comparison of power 
diagrams for days of varying magnetic activity, the relation­





The records of November I966 through February 1967 can 
be characterized by three types of micropulsation. These 
are classified over 24 hour periods in table 5 along with 
ZK (see table 4). The interesting features of this com­
parison are the positive correlation of and the negative 
correlation of P^5 with magnetic activity, as exemplified 
by the records from December 10 to December 15. Both 
relationships help to confirm the observations made below 
concerning the records of December 14, 24 and 25.
From mid-January through February, P^5 dominates the 
records. These P^5 pulsations are obvious not because of 
increased amplitudes, but because of their strong continuity 
and the absence of other signals. As quiet periods become 
more extensive, P^5 periods increase, up to 10 minutes in 




pulsations consistently display greater intensity in 
the day, contrary to Troitskaya (p. 8 ), hut do show up 
sporadically at night with reduced intensity.
Diurnal Variations; Low Frequency PangeC0.00164-0,00833 ops) 
The record interval selected for graphical analysis in 
the low frequency range v̂ as that between IO46, December 24 and 
1200, December 25, 1966, From visual analysis, the most 
distinctive feature of the record is a very periodic contin­
uous 9-Diinute oscillation, defined here as P^5c, For low 
frequencies, the record is apparently flat until 1620, when 
the Pç5c pulsation develops rapidly, the amplitude increasing 
with decreasing period. The only other observable pulsations 
are of the high frequency range: ^^3» present before I63O,
December 24 and after O5OO, December 25; and trains around 
2205, December 24 and OI5O, December 25,
The Pç5c oscillation is represented in the power diagram 
(Fig, 51) by a sharp spectral peak of nearly constant fre­
quency (0,0019 cps) and continuous over 18 hours, indicative 
of a resonant source of constant dimensions or properties*
The amplitude is greatest at 0200 and minimum around I4OO*
From the dependence of amplitude on the diurnal cycle and 
magnetic activity, P^5c oscillations appear to be related to 
quiet conditions of the magnetosphere. This P^pc descrip­
tion could fit the fundamental mode of oscillation of magnetic
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lines of force between conjugate points.
The small variation in the P^5c period bears a regular 
dependence on the diurnal cycle. The frequency has a 
maximum of 0,00197 cps at 2100, December 24, and a minimum 
of 0,00183 cps at 0500, December 25. This variation agrees 
well with the interpretation above. During the daylight 
hours of magnetically active intervals, the period of this 
pulsation should decrease because of an increase in the 
average value of throughout the magnetosphere.
The existence of a peak at, almost exactly twice the 
frequency of P^5c and the time variation of frequency in a 
pattern similar to that of P^5c distinguish this pulsation 
as a harmonic of the fundamental mode. The occurrence of 
the maximum amplitude of the harmonic at 2000 as opposed to the 
occurrence of the P^5c peak at 0200 cannot be due to data 
processing techniques, hence must be real.
Three other spectral peaks appear to be continuous 
over several hours. There is nothing to indicate that any 
of these peaks are harmonics of the lower frequency P^5c,*
P^5b shows a good correlation between amplitude spectrums 
from 1100 to 0200 within the range 0.00540-0.00545 cps and 
a fair correlation at 0430 of O.OO56 cps. This pulsation 
has a strong maximum amplitude near 0100 but fades com­
pletely after O8OO, P^5b occurs within the same frequency
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band as hydromagnetic waves observed in the outer magneto­
sphere by the magnetometer on Explorer XII (Patel, 1965)•
The frequency is quite constant throughout the night, but 
rises after 0400 as the amplitude drops, as might be 
expected from a daytime elimination of the outer magneto- 
spheric cavity (see p, 25).
Pç5a is quite continuous between 1100 and 0200 within 
the range 0.00645-0.00660 cps. The peak amplitudes of P^4a 
can be roughly correlated between 13OO and I9OO, December 
24 and between O4OO and 1100, December 25 in the range 
0 ,00725-0,00755 cps.
The one feature which distinguishes this lower frequency 
diagram from those of the higher frequency band is the strong 
continuity of frequencies with time. These lower frequencies 
more likely represent fundamental modes of resonances depen­
dent on constant linear dimensions. Many higher frequency 
peaks may represent a mixing of harmonics, as indicated in 
the literature (see p, 5, 24),
Diurnal Variations; High Frequency Range(0.00833-0.04167 cps)
The record intervals of December 7, 4, and 14 were
selected for the analysis of diurnal variations of power
density spectrums for low magnetic activity (K^;0 to 1 ),P
moderate magnetic activity (Kp:3~ to 4"), and high magnetic
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activity (Kp:5* to 7), respectively.
Low Magnetic Activity (0500-0900 and 1000-1700, December 7, 1966) 
Neither nor Pm*s could be observed in any part of
the record; which is dominated by P^*s of strong continuity.
The Pg*s are primarily of two types: strongly periodic,
small amplitude (5-10 mv) P 3b*s; and large amplitude 
(10-20 mv) Pç4*s with periods of 80-120 seconds and rarely 
periodic, P^3b*s dominate the record from 0500 to 0700 and 
1415 to 1515, and intermittently from 1000 to 1200, P 4*8 . 
dominate the record from 0750 to 0845, from 0930 to O95O, 
and from 1330 to I4OO, where they are strong and periodic.
The remainder of the record consists of a mixed signal, 
except for a noticeable lull from 1245 to I306, The pre­
dominance of smooth, periodic P^*s seems indicative of a 
static magnetic field.
The most distinctive feature of the diagram (Fig, 52) 
is the apparently random distribution of power density in 
both frequency and time. Pronounced peaks occur throughout 
the frequency band below 0,03 cps during the day. Above 
0.03 cps, the absence of P^3a peaks distinguish this record 
from those of magnetically active periods. For any given 
frequency, there is no linear continuity of power density 
over more than three hours. Maximum power density cor-
4. 4.relates roughly with the rise in from 0 to 1 after
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1100, but is random with respect to the duirnal cycle. Such 
à random variation may not seem typical of the relatively 
static conditions, but a random source might be traced to 
the time varying distribution of trapped particles in the 
magnetosphere. Positive ions provide the inertia for 
Alfven waves, and their distribution may bear only a rough 
dependence on the diurnal cycle.
The most distinctive trend in the diagram is the associa­
tion of high frequency peaks vd.th low frequency peaks during 
the preceding hours. This trend can be observed from 1000 
to 1200 between peaks at 0.0066 cps and 0.0159 cps, from 
1300 to 1500 between peaks at 0.0101 cps and 0.0133 cps, and 
from 1500 to 1700 between peaks at 0,0071 cps and 0,0126 cps. 
This trend might be explained by trapped particles, which 
could drift toward the earth and excite resonances of higher 
frequencies along magnetic lines of force v/ith a decreasing 
radius of curvature.
Only one reliable correlation can be made between power 
density peaks over more than two hours in the band 0,0182- 
0,0195 cps from 0500 to O8OO, Other correlations cover 
too wide a frequency band to be reliable.
Moderate Magnetic Activity (0400-1600. December 4$ 1966)
The first part of this record from O4OO to 1000 con­
sists of a very irregular pattern mixing a wide range of
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frequencies. The hours from O4OO to O830 are characterized 
by small amplitude (5 mv) P̂ j3a superimposed on a discon­
tinuous, large amplitude background, P^*s are intermittently 
present and preceded by bays up to 6 minutes long. Periodic 
Pg3b*s of fair continuity dominate the record from O9OO to 
0930 and from 1000 to 1150, These continue intermittently 
until 1600, but are masked from II5I to 1340 by P^*8 with 
maximum amplitudes around 1200 and short bays of less than
2 minutes in duration. Discontinuous P_4*s with 60 to 80c
second periods are present from II30 to I6OO. From 1000 to 
1600, the record resembles a mixture of the signals from the 
records of December 7 and I4.
The power density diagram for December 4 (Fig, 53) can 
be visually separated into two parts. One part, before O9OO 
for frequencies greater than 0,020 cps, and before 1000 for 
frequencies less than 0,020 cps, has relatively random 
structure. The remainder of the diagram has relatively 
smooth, regular structure, symmetric for certain frequency 
bands about various axes of constant time. The structure 
of the latter part of the diagram, which resembles that of 
the December I4 diagram for high magnetic activity, cor­
relates weakly with an afternoon increase in the index,P
A nearly linear decrease of power density with increas­
ing frequency forms a background slope on which distinct
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peaks are superimposed. This linear trend is strongest 
from 0900 to 1200 for frequencies greater than 0,02 cps 
and from 1200 to I6OO for frequencies greater than 0,015 
cps. Power density values from 0830 to 1330 for frequencies 
greater than 0,023 cps form slopes symmetric about an axis 
at 1100. Superimposed on this trend, the values from 1000 
to 1600 for frequencies greater than 0,021 cps form slopes 
symmetric about an axis at I23O, From 1100 to I6OO within 
the frequency band 0.008-0.015 cps, values less than 100 
are nearly symmetric about the axis at I3OO, Thus the 
diurnal maximum appears to be shifted to later hours for 
lower frequencies. The linear relationships observed here 
are discussed further in relation to the December I4 diagram,
A strong correlation between power density peaks within 
the relatively narrow band of 0,0221 to 0.022? cps from 1100 
to 1500 represents a distinct pulsation, defined here as 
P^3b^, Fair correlations exist for Pç3t>Q from 04OO to 1000 
in the band 0,0213-0,0239 cps and for peaks from O5OO to 
0700 and from I3OO to 1600 in the band 0,0131-0,0138 cps.
Power density minima are apparent in the band 0,0185-0,0210 
cps from 0400 to O9OO and from 1100 to 1500,
Hi^h Magnetic Activity (0400-0900 and 1100-16OO, December 14. 1966) 
From 0400 to O6OO this record is generally quiet, with 
some irregular, discontinuous pulsations present with periods 
of about 2 minutes. From O6OO to I63O, the record is
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completely dominated by P^*s. In Fig, 12, the number of 
occurrences of over 15 minute intervals is graphed
along with the times and duration of bays and storms.
These results are analyzed below in relation to the resul­
tant power density spectrums. The maximum P,j, amplitudes 
occur between 0700 and 1200, The period of an initial 
pulse appears to increase with amplitude to a maximum of 
about 2 minutes. Large amplitude Pq,*s are usually more 
strongly damped than medium amplitude P^*s and are associated 
vd.th bays of longer duration (up to 13 minutes). A common 
progression is a series of P^=*"*s followed by a P^__* andSSC oSC
a bay. Intermittently from 1315 to 1455 and from 1530 to 
1625 trains of periodic P_3b*s of poor continuity are present. 
These appear at an apparent calm between storms, although 
small and medium amplitude P^*s are still present.
Ward (1963) stressed the bps (bay with pulsation and 
sudden commencement) as representing the oscillation of the 
magnetopause under a step-funetion shock. The compression 
of the magnetosphere under a step-function shock should 
generate a pulse along magnetic field lines, observed at 
the earth's surface in this case as a step increase in the 
south component of the electric field, or a Fgsc"* ^ b&y 
represents the greatly increased attenuation of hydro- 
magnetic waves from ionospheric currents (see p. 20)•
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Larger would be associated with greater compression of
the magnetosphere, which causes the generation of more 
intense currents, bays of longer duration, and increased 
damping of hydromagnetic waves. By visualizing a magnetic 
storm shock as a square pulse rather than a step-function, 
one can explain a by the sudden decompression of the
magnetosphere, resulting in this case, in a step decrease 
in the south component (or a step increase in the north 
component) of the electric field.
The strongest characteristic of the power density 
»
diagram is a continuous background within the frequency band 
0,01-0.03 cps. It is described by a linear decrease of 
power density with increasing frequency, and a diurnal power 
density maximum at the time IO4O, which forms an axis of 
symmetry about which values decrease linearly for constant 
frequency. The general continuity of the diagram is broken 
only by a few fairly distinct peaks.
The inverse relation between power density and frequency 
is best exemplified for the O8OO-O9OO interval on the diagram. 
For the frequency band 0,0125-0,0275 cps, power density is 
approximately proportional to the inverse cube of frequency, - 
This gradient is probably indicative of both the source and . 
the system response. For the frequency domain transform of 
the assumed step-function input, amplitude is inversely
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proportional to frequency (Ward, 1963). It has also been 
observed that the attenuation of hydromagnetic waves in the 
ionosphere increases with increasing frequency (see p. 19).
One estimate sets the high frequency limit for unattenuated 
waves at 3 x 10“^ sec~^ or 0.00314 cps (see p. 20).
The variation of power density with LMT approximates a 
symmetrical bell curve for the frequency band 0.0123-0.023 
cps. A sine wave whose equation is:
A = 524-cos ^  (LMT (hrs)-10.70)
would approximate the pressure variation described on page 11 
for a constant stream of solar flux propagating parallel to 
the 1040 meridian plane. This equation has been plotted 
against the power density distribution for the constant 
frequency 0.0167 cps for comparison (Fig. 35). The maximum 
damping of the response curve relative to this theoretical 
source occurs around 0700 and 1430. This discrepancy cannot 
be accounted for by diurnal variations in reflection from 
the maximum layer or in attenuation in the ionosphere, 
since these factors tend to increase the damping in the 
response curve with increasing magnetic pressure. The dif­
ference between these two curves appears to be indicative 
of properties in the transition zone. From page30, it 
appears the transfer of energy from thermal motion to directed 
motion parallel to the magnetosphere may reduce the components
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of plasma pressure normal to the magnetopause near the O7OO 
and 1430 meridians.
It is difficult to correlate the distribution ofSSC
figure 12 with power density variations for the frequency 
band above 0.01 cps. However, the Pgsc* distribution does 
correlate quite well with the power density distribution for 
the constant frequency 0.008 cps, which is the frequency for 
P^'s having maximum amplitudes on December I4. Both dis­
tributions also correlate well with the three hour K 
Indices, although there are no PLoccurrences before 0600,SSC
showing some relationship of sudden commencements to the 
diurnal cycle.
Above 0.03 cps, power density distribution is far less 
continuous than in the 0 .01-0.03 cps band of the power 
diagram. Moderate peaks occur around noon, but do not cor­
relate with each other. These peaks indicate P^3a reson­
ances below the layer of maximum Alfven velocity. Pg3a 
have been correlated with ionospheric properties from their 
dependence on ^^^2. (p. 6 ) and their appearance in theoretical 
power density spectrums for propagation below 2000 km (p. 23). 
The random power density distribution is indicative of a 
local or time varying source. P^3a are characteristic of 
periods of high magnetic activity, since compression of the 
magnetosphere during magnetic storms confines resonances to
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the cavity below the maximum Alfven velocity layer (see
p. 25).
The best continuity between power density peaks occurs 
from 0700 to 0900 and from 1100 to I30O in the band 
0.0113-0.0123 cps, from 0600 to 0800 and from 1100 to I4OO 
in the band 0.0179-0.0195 cps, and from O3OO to O8OO and 
from 1100 to I3OO in the band 0.0242-0.0234 cps. Fairly 
distinct minima are continuous between O6OO and 1600 in the 
band 0.010-0.0122 cps and between O5OO and I4OO in the band 
0 .0218-0,0245 cps. The peaks around 0.023 cps can be 
roughly correlated with of December 4. The minima
around 0.023 cps can also be correlated with the minima of 
December 4 , both of which might correspond to the classifi­
cation division between P^3 and P^4 (see p. 4 )•
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SUMMARY OF CONCLUSIONS
Records for periods of low magnetic activity consist 
mainly of very continuous periodic micropulsations. However, 
power diagrams of such records display a nearly random varia­
tion of power density with frequency and time.
Records for periods of high magnetic activity consist 
mainly of sequences of ^ssc'^* and bays. Power
diagrams of these records have a continuous background 
above 0.01 cps described by the variation of power density 
with the inverse cube of frequency and with a bell curve 
symmetric about an axis of constant time. The variation of 
power density with frequency can be related to the Fourier 
transform of a step-function input and to ionospheric attenu­
ation. The variation of power density with time can be 
related to the normal component of solar stream pressure on 
the magnetopause.
The most distinctive pulsation is the P^5c oscillation, 
represented by a large spectral peak at a frequency of 
0.0019 cps and continuous over 18 hours. The continuity of
51
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power density peaks in time provides criteria for defining
other pulsations; P^5b C0.0034-0.0036 cps), (0.00645-
0.0066 cps), P^4a (0.00723-0.00735 cps), and 2^3^^
(0.0221-0.0234), P_5a are limited to frequencies abovec
0.03 cps. The continuity of P. pulsations over periodsc
greater than one hour generally decreases with increasing 
frequency.
The general correlation of micropulsation frequency
with K (see p. 7) applies in these records only to the P
association of P 3c and P 3b with a static magnetic field . . c c*
and a P^3a with high magnetic activity.
Prp's, and bays are associated with the step
function increase of the magnetic field strength during 
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Figure 1. Micropulsation and Noise Frequency Ranges 
(Nawrocki and Papa, I963, p. 10.22)
Hydiromagnetie Wave V elocity  (m et ers^^ec}
Figure 2. Hydromagnetic Wave Velocity. Velocity of hydro* 
magnetic waves in the geomagnetic equatorial 
plane vs. altitude for a surface field of 0.315 
gauss. For other latitudes, the velocity shown 
should be multiplied by (1+3 sin̂ i))?, where t 
is the geomagnetic latitude.(Dessler, Francis, 
and Parker, 1960)
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 P U R E  D IP O L E
DISTORTED DIPOLE ,
Figure 3. Field Line Configuration in the Noon-Midnight
Meridian Plane {for = 10 Rg in the equatorial
plane). The dipole lines are compressed on both 
the daytime and nighttime side. (Mead, I964)
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Figure 6. Geology of the Bergen Park Area. 






Figure ?. Telluric Current Field Polarization Curve








Figure 8. Record Sample, North Channel, December 25, I966.
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Figure 10. Record Sample, North Channel, December 4, 1966.
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18. Power Spectrum of the Record from O5OO to O6OO,
December 7, I966. i
cn O.J r: ro rv cv cv 0 .‘OJ OJ OJ 0 0, O' GvJ r) re ro OJ r r ro ro to rO ; Oi 0 OJ 0.1 0: OJ: fVi Oj OJ OJ O! O' 0; 0.!
% 0, c CT) 0 0 cr cr c. 0. cr. C! 0 cr cr 0 0 cr cr 0 cr 0' c cr cr c; 0 cr.o c;' 0 0 cu 0 0 0 0 0 cr o' 0 0.
C! Ü. U" U  ■ Ur U : L : U' U Ü r U.: U' U..' L U' U L: U' U 'L_ u L' Ü-I U' U' U: Ü! Ui'U' Ur U i U! UJ U'" u U' U L. U U ■■U.J U!
C\ 0 O' C sC cr cr r̂. C- ; c. <x 0 c 0 O' c If C Oj'Q' cr 0 < 0 |C c\ c vC r̂ O' If 0 0 0. ■NT n: 0 c
IT rv lO C": rv c\. rv rv. OC 0, r? 10 on 00 10 cr G; 0 -r-* 0 -r-' rv >o •C-' rv ^  rv 0 T-J O' O' Nr' Oi a r-< fO 00' >o NT
L ' CO ir- <r vC cr •f <r-' G : C ir 0 C": 0 0 rv cr «f 0 'T: ir < ro cr IT 0 0 / <- fv rv G" cr c C LG 0.' a cr
f'-: 'T •£. C Cv cr. :c u .T" 'IT 0 ir If ' r G" cr C/ r C': c r i r to 0  :c“i or G ’ G 0 a. a  '0 rv G L' 'tr ■c '<3
C r c : c\ 0 CV r cv ^ ■ T-< T-! T-( r' T—t0 •0 •»v ■•H c 1- T-l T-' If r; fO r N3 G". 0 T-! T-' f ' v4
cr- 0. Oi fV Ol OJ fV 0. 0  0. •rf r-l r-* •M -M r-f r-i r-> •r-t T-l •w VH T—f •W %-i T-f -r-l tH •W ■w~‘ T-t v-l TV
to c; cjr cr. cr 0 0 0 cr 0  0 cr. cr 0 0 0 0 0 0 0 CT' 0 0 0 c 0 0 O' 0 0 0 CT; 0 cr 0 0 cr C  1 'c O ’
f.j U ' U 'r, !IV U.i UI 1.1
g ' g
IV. U tti IV IV li..' 11 IV t.,' tv !.V U 'U: t. : u 1.1 : II) u.i 1.1. iU! u ; IV U: U' Ui u.' IV U! IV U--
• ,u U' U'
cr rv.LO 0 0 rv IT'. O' 0  rv rv 0 f- g ;: n: vO ce 0 g :. if T fT cr 0 - NT IT' rv ô r~- ro NJ sT or cr ■rV G |0 c: G 0
0 G-; 10 r< of cr 0 N3 IT- •r4 iO 0 NT o - r-l ir 0 G' rv f-f 0 cr 0 •r-l ir 0 G  G <0 C NJ G O' G
0 0 n; of; rt vC. cr If- O' G) T N3 IO i/' ur 'C 0 rv fv Gv Cf.: ûT 0 0 0 0 cr T-f 0 0. 0 g ;; g . NJ If IT' If'i X. >r
IV G O' 0 IT-' 0 0 0. G i fC C~ T-‘ O' G" NT If •0 G cr G  . 0 T-l O' G" ir 0 G- dr 0 . T-i 0 NT lO •T G r r n; 0 ■r-i
D
u





19. Power Spectrum of the Record from O6OO to 0700,
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Figure 21. Power Spectrum of the Record from 0800 to 0900, 
I December 7, 1966.
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22. Power Spectrum of the Record from 1000 to 1100,
December 7, 1966. | ,
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24. Power Spectrum of the Record from 1200 to 130O, 
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25. Power Spectrum of the Record from 13OO to; I4OO,
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26. Power Spectrum of the Record from I4OO to 1500, 
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Figure 27. Pov/er Spectrum of the Record from I5OO to I6OO, 
December 7, 1966. ■ 1
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: j ! ! I - ! : i28. Power Spectrum of the Record from 1600 to 1700, 
December 7, 1966. i
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Figure 32. Power Spectrum of the Record from 0700 to 0800, 
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35* Power Spectrum of the Record from OBOD to’0900,
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Power Spectrum of the Record from O9OO to 1000,
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December 4, 1966. i '
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: I I 'Power Spectrum of the Pecord from I4OO to I5OO, 
December 4»
V e e c c' ' ■
c c c c  Ç c- c- , e c  , 1? f  c  f  t  f  e  ç  c  c  e c  r e c  r ‘ r> r
cr LT V. ST rr.' rr: ro r.-' r: r"; fO ro r.' r) ro r? r.‘ ro ro ro: r" fO M) ro 0 C\: Oi rvi OJ 0. CM c\ C\' CM CM CM CM Cv r\ CM
FT 0 C 0 c: c cr 0 0 CD CD 0 0 0 0 CD CD 0 CD 0 0 CD <D CD CD CD CD CD 0 CD CD CD CD CD CD CD' C C5.0 CD CD
C U L ' Li.J U: L u: U' L u  'L ■L lu.: U! u U u u u U' L:' LlJ u u; U: u: U U' U Li u lu.: L u U: lu. lu-? u.i u U' lu
n cr ro 0 cr. T -r'T- r Tj If c\ r If >r c c CD of fO -r,cr r' cr Cl­ T" k : < V C \r r 0 CD 0 0 r if r-
rr cr O' r- 0 0 r-. 0., cr ro 1.0 -7 CD MD r CT <C 7̂ rv to f\j 0 ro io r: 0 r) "7 10 CM fv fv cr CM CD
Li ’ r- If- LO 0 ir O' r\ sT cr 0 <: T- nT 0 r- C\ -r: c If r~ or vf 0 c CD' r 0 C l r- >r cr r c_ 0
Ti" <r! c u T-' If , f- e c r 4: Vf" 0 If r ir U' u r - c < V T"- CD c c C' 0 v: 0 (- 0 7- c U" r 0 r
C Of. lT' r 0 IT u If r 0. -r-' r \ i 0. T-' ■»- "Ti «M cr ro If' ro c\, or
0 Cv OJ C\. CM O' OJ 0 CM 0 • T ■ %—1 to T-< to Ti to •to T' T-i to T'l ■to to to t U to to T* to to to to to' to to to
Cf CD CD CD CD 0 CD CD CD cr; 0 to to to to to to to to to 0' CD to' to to to to to to CD to to to' to to to to to to to to'
{1 Ul I. : U! Ü ' I, I li' 111 U.i 1.0 U' u- U :U ' ti !i-r U' Lif !0 U j !u! ÎJ ' 1.: u; lu.i U! u U U' Ul li U ’ u ? U' U' lu,' Ul 1 , ' Ul I , '■U.i U
0 O- uO C\. 0r- 10 0 CD ID f'- a to 7 •O; <X: to' T*'' r̂.! If': 0 a to CM 7 If O' c T' fO 7 'T cf •0 to k ; 10 0 cr to'
to T-' fO 10 O' cr CD 0.1 7 !0 -r-l 10 to 7 cr 0 ■0 to 10 0 r:. O'­ nC to 7 or 0.' ■0 to 10 C 1O- to >c to 7 <T; 01 O'
c CD -■X. CV sf'. CD If' 0 fO O- 7 7 lO' 10 LfV -C 'O IS O' of: er 0  0 to to to to to 0 CM CV r-' M) 7 7 If 10 If', 0 X
lui c~ r-' 0 O' >D ro c; r-> 0 to 7 |10 0 O- r?' to 0: M"! 10 •r 0 rr n to to O' I'-' 7 10 -o O' cr O' CD to




Power Spectrum of the Record from I5OO to 1600,
December 4> 1966. ,
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Figure 4-1 • Power Spectrum of the. Record from 04OO to O^OO,
I December 14, 1966*
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Figure 43. Power Spectrum of the Record from O6OO to 0?00,
; December 14, 1966. '
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44. Power Spectrum of the Record from 0700 to 0800,
December 14, 1966. ; i
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Figure 45* Power Spectrum of the Pecord from 0800 to*0900,
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46. Power Spectrum of the Record from 1100 to;1200, 
December I4, 1966.
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47. Power Spectrum of the Record from 1200 to 1300, 
December I4, 1966. ;
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48c Power Spectrum of the Record from I3OO to I4OO,
December 14, 1966. '
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49. Power Spectrum of the!Record from I4OO to I5OO, 
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Figure 50. Power Spectrum of the Record from I5OO to-l600, 
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Figure 51. Power Diagram: IO46, December 24 to 1200, December 25,
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Figure 55. Comparison of the Amplitude Variation for Constant 
Frequency (0.0167 cps, December I4) with the 
Theoretical Curve for Solar Plasma Pressure Variation.
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Table 5. Listing of P^, P(j5, and P^ Ratings and Over 
24 Hour Periods.
Date ^c ^c^ ^T Date ^c ^c5 Pt
Nov. 26, 1966 18“ Dec. 19, 1966 7“
Nov. 27 5 3 0 12 Dec. 20 4 1 1 12"
28 2 4 5 24+ 21 1 1 3 20'*’
29 1 0 3 21"*" 22 1 1 4 23"
30 3 3 3 30+ 23 2 5 3 16"
Dec. 1, 1966 4 0 3 ^k^ 24 4 1 4 19"
Dec. 2 5 1 2 13 25 4 5 . 3 23
3 2 1 0 7“ 26 2 2 5 30
4 3 2 3 26 27 2 4 4 ' 35
5 4 3 4 26 28 5 1 3 22
6 4 0 3 14“ 29 5 5 1 15-
7 4 0 1 7“ 30 3 5 1 11"
8 5 2 2 6 31 4 5 1 6"
9 3 5 1 5 Jan. 1, 1967 2 5 4 24*
10 3 3 2 7+ Jan. 2, 1967 3 2 3 14*
11 3 4 0 3 3 3 5 3 17“
12 3 5 2 3" 4 2 5 2 4*
13 4 0 5 26 5 3 2 2 5
14 1 1 5 35 6 1 2 2 11
15 1 2 5 25“ 7 1 1 5 27^
16 4 2 3 17 8 1 4 5 40
9 0 3 4 21"
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